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INTRODUCTION
Herbicide resistance occurs when a weed is no longer controlled by a herbicide at rates that previously were effective. Resistance has evolved in over 120 different weed biotypes, both broadleaved plants and grasses, covering the majority of herbicide classes commercially available (Holt 1992) . Though resistance to triazine herbicides comprised the majority of resistant biotypes and hectares infested with resistant weeds in the past (LeBaron 1991), resistance to the acetolactate synthase (ALS)4 inhibitors is becoming a greater concern in many regions. ' Four chemical classes of ALS inhibiting herbicides have been commercialized, including the sulfonylureas, imidazolinones, triazolopyrimidines, and pyrimidinyl thiobenzoates. All of these herbicides act on acetolactate synthase (Shaner 1991) , which catalyzes the first reaction in the biosynthesis of the branched-chain amino acids valine, leucine, and isoleucine (Holt et al. 1993 ). These amino acids are essential for plant growth and development, and inhibition of their synthesis is lethal to many plant species. These herbicides are gaining popularity in the agricultural community because of their high activity on many broadleaf and some grass species, low use rate, extended soil persistence, and low mammalian toxicity (Saari et al. 1994 The objective of the research was to verify an in vivo ALS assay technique on resistant plants and compare the data to whole plant injury. The method could be an effective tool for quickly identifying resistant weeds and determining the dose at which control fails. The ability to evaluate cross-resistance was included in the study. Two sulfonylurea-resistant kochia biotypes were compared to their susceptible counterparts based on whole plant and ALS assay responses to chlorsulfuron and imazethapyr. In this study, the herbicides and CPCA were applied to an actively growing plant, as opposed to the in vitro techniques performed on the isolated enzyme in a test tube. The in vivo ALS assay allows for the accumulation of acetolactate in living, herbicide-treated plants. The procedure was tested additionally on an ALS-resistant common cocklebur biotype 6 and 24 h after treatment (HAT)4 to determine if time of application affects assay results. Herbicides were applied with a laboratory sprayer equipped with an 8002 E flat fan nozzle calibrated to deliver 234 L/ha at 204 kPa. All herbicide treatments included 0.25% (v/v) non-ionic surfactant7. Plants were harvested 14 DAT and phytotoxicity, plant heights, fresh weights, and dry weights were recorded. In vivo ALS inhibition. Seeds of R and S biotypes of kochia and common cocklebur were planted and grown in the soil medium previously described. Resistant and susceptible kochia plants were treated with imazethapyr or chlorsulfuron at rates previously listed. Common cocklebur plants were treated when they were at a height of 15 cm, with imazaquin at 0.014, 0.14, 1.4, 14, 140, or 1400 g ai/ha. Herbicides were applied with a laboratory sprayer as previously described. All treatments included non-ionic surfactant at 0.25% (v/v).
MATERIALS AND METHODS

Seed
Foliar applications of CPCA at 766 g/ha containing 0.25% (v/v) non-ionic surfactant were made 3 and 21 h following herbicide application. ALS activity was determined 6 and 24 HAT using the in vivo ALS assay developed by Simpson et al. (1995) and modified by Shaner8. The three youngest leaves were harvested and 0.2 g of tissue was cut into 2-mm squares with a razor blade. Each sample was placed in a test tube and stored at -20 C for 24 h. After the samples were removed from the freezer, 3 ml de-ionized water was added to each sample and the tissue was incubated at 25 C for 45 min. Samples were mixed with a vortex mixer9 every 15 min. Leaf tissue was removed and the remaining 3 ml solution were treated with 50 p1 6N H2SO4 and vortexed. Samples were incubated at 60 C for 30 min to convert acetolactate to acetoin. A 1 -ml aliquot of creatine and naphthol solution at 0.09 and 0.9% (w/v), respectively, in 2.5N NaOH was added to each sample and mixed. Samples were placed in a 30 C water bath for 30 min to facilitate color change. Absorbance was measured at 530 nm (Westerfeld 1945 jected to regression analysis to develop a logistic dose response curve in TableCurve'?. Equations for the dose response curve are included in the legends of the figures. All experiments contained four replications and were repeated in time. Phytotoxicity ratings were based on vigor, stunting, and chlorosis compared to the control, with 1 00% equal to no herbicidal effect and 0% being complete death. GR50 values were determined by calculating the herbicide rate at which growth rate (based on phytotoxicity) was inhibited 50%. '50 values were determined by calculating the herbicide rate at which the ALS activity (based on the in vivo assay) was inhibited by 50%.
RESULTS AND DISCUSSION
Kochia treated with chlorsulfuron. Phytotoxicity for kochia treated with chlorsulfuron is presented in Figure 1 . For both the Montana and Idaho samples, resistant biotypes were injured less than susceptible biotypes at most chlorsulfuron rates. With the Idaho kochia, the GR50 was 130 g ai/ha chlorsulfuron in the resistant biotype and 0.85 g ai/ha chlorsulfuron in the susceptible biotype (Table 1) . Similar results were determined for the Montana biotypes with GR50 values of 93 g ai/ha and 0.56 g ai/ha chlorsulfuron for the resistant and susceptible biotypes, respectively. At the whole plant level, the GR50 R/S ratios for both the kochia biotypes were similar: 160-and 170-fold resistance for Idaho and Montana biotypes, respectively. The data for height, fresh weight, and dry weight showed similar trends (data not presented).
The in vivo ALS assay was used to determine the corresponding inhibition of ALS activity in plants treated with chlorsulfuron, as shown by the inhibition curves (Figure 2) . The susceptible biotypes from Idaho and Mon- inhibition, to better correlate the in vivo assay with field data. Previous studies with the in vitro method could not directly compare the two because the enzyme was isolated and herbicide rates added to the assay were different than those comparing whole plant injury. Our results indicate that the herbicide rates required to inhibit the enzyme at 24 HAT are lower than the rates required to show injury to the whole plant after 14 d. In some cases, the plants showed no injury, although ALS was inhibited by approximately 50%, possibly due to the recovery of ALS activity after the 24-h harvest. Cross-resistance. The resistant Montana biotype demonstrated 5-fold resistance to imazethapyr over its susceptible counterpart, while the Idaho biotype demonstrated no resistance at the whole plant level (Figure 3 ). This suggests that the two resistant biotypes may have different mutations to ALS causing the resistance. The GR50 values for both biotypes with imazethapyr and chlorsulfuron are shown in Table 1 . With the in vivo ALS assay, both Idaho and Montana R biotypes showed a 4-fold degree of resistance to imazethapyr (Figure 4 , Table 1 (Table 1) . The fact that the difference in enzyme inhibition in the Idaho biotype was not reflected in whole plant experiments may again indicate a difference in the data between the healthy tissue needed for the ALS enzyme study, as opposed to the injured tissue that was apparent at 14 DAT.
Previous research on ALS-resistant biotypes has not shown a clear cross-resistance pattern that is consistent for all populations of a certain species (Devine 1991) . Both biotypes used in this research had only a low level of resistance, if any, to imazethapyr. In a field situation, both susceptible and resistant biotypes probably would be controlled with a normal rate of imazethapyr, demonstrating resistance to a sulfonylurea, but not an imidazolinone herbicide. Therefore, this herbicide would not act as a selection agent on this particular biotype in the field, unless it were used at very low rates (1/10 to 1/1000 of the recommended field rate). In this case, imazethapyr could still be used as a weed control option. More herbicides from each group can be tested on the biotypes to expand the cross-resistance patterns. ALS inhibition at two sampling times. ALS activity in common cocklebur was measured 6 and 24 h after the application of imazaquin, to determine if one sampling The new in vivo assay can be an important tool for studying resistant biotypes. By determining differences in initial ALS activities in various populations, we may find a clue as to which populations are more likely to evolve resistance. This technique can also be used to sample a large number of plants within a population to determine the extent of resistance. By using known rates of the herbicide on a living plant, we can better correlate inhibiVolume 10, Issue 4 (October-December) 1996 tion of the ALS activity with those rates. This may be useful in quickly determining the rates of different herbicides required for control. With the in vivo technique, many herbicides may be applied at various rates, allowing for expansion of the limited knowledge of cross-resistance patterns in many species. Further studies utilizing several sampling times may also provide information for using the technique to predict whether the resistance mechanism is target site alteration or metabolic inactivation.
